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(54) Capacitively coupled indifferent 
electrode 



(57) A capacitively coupled indifferent 
electrode 1 0 for use in electrosu rgical 
procedures is provided which is safe 
and reliable to use. The electrode 
includes 8 backing pad 12, an 
electrically conductive metal foil 14 
adhered to one surface of the pad, a 
layer of dielectric material 16 
completely overlying the foil, and a 
layer of pressure-sensitive adhesive 
covering the dielectric layer. The 
electrode is placed on a patient's skin 
and may be connected to the return 
side of an electrosurgical generator 
through a cable which is connected 
through the backing pad to the 
electrode, e.g. by means of a rivet 22 on 
which a connector 26 is crimped. The 
dielectric layer 1 6 may be formed by a 
layer of pressure sensitive adhesive. 
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SPECIFICATION 

Capacitively coupled indifferent electrode 

5 The present invention relates to medical elec- 
trodes used as indifferent electrodes in electrosurgi- 
cal procedures, and more particularly to a capaci- 
tively coupled electrode having improved conveni- 
ence, safety, and performance. 

10 In electrosurgical procedures, an electrosurgical 
generator generates high radio frequency electric 
current which is fed to an active electrode. The active 
electrode is used to cut tissue and coagulate blood 
vessels and is activated for relatively short times dur- 

1 5 ing such procedures. An indifferent, or patient, elec- 
trode is placed in contact with a patient to provide a 
return path for the high frequency current to the 
generator, which is in turn typically connected 
directly to ground orto an isolated ground unit. 

20 The input current is applied to the tissue by means 
of the active electrode which is preferably of small 
cross-section so that high current densities may be 
obtained at the surgical site. These high current 
densities provide the required heating (up to 1,000°C 

25 at the point of contact) needed for the operating pro- 
cedure. However, it is essential that the indifferent 
electrode have contact over sufficient surface area of 
the patient to insure that the return current has a low 
density to avoid burning or scarring of the patient's 

30 tissue which is in contact with the indifferent elec- 
trode. 

Prior art indifferent electrodes have either been of 
the direct electrical contact type or of the capacitively 
coupled type. Direct electrical contact type indiffer- 

35 ent electrodes have either been designed to be 
attached directly to or placed underneath a patient 
and have been available in both dry (direct metal 
contact to skin) and conductive gel or adhesive (elec- 
trode coupled to skin through a conductive solution, 

40 gel, or polymer) forms. However, direct electrical 
contact type electrodes suffer from a variety of prob- 
lems. For example, if a pregelled form is used, the 
gel may have dried out prior to use or may dry out 
during surgical use, there may be bacterial growth 

45 in the gel, and there are patient clean-up problems in 
removing the gel after surgery. Additionally, the gel 
may cause skin irritation in some patients. 

If a dry form direct electrical contact type electrode 
is utilized, usually in the form of a large surface area 

50 metal plate or foil, other problems arise. These 
include the possibility of burns caused by preferen- 
tial current flow due to patient perspiration or spilled 
fluids at the contact site, bums caused by the 
movement of the patient during surgery which 

55 breaks contact with a substantial portion of the metal 
surface, and electrical hazards to physicians and 
other operating room personnel if a protruding edge 
of the metal electrode is accidently touched or 
comes in contact with other metal surfaces in the 

60 operating room. 

Moreover, all previous types of direct electrical 
contact type indifferent electrodes suffered from hot 
spots around their leading edges caused by a prefer- 
ence of radio frequency electrical current to leave a 

65 patient's body at those points. This u neven current 



distribution through the electrodes accentuates 
possible patient burning or scarring problems. 

Capacitive coupled electrodes, on the other hand, 
have the potential of being much safer in use. These 

70 types of electrodes have a dielectrical material 
sandwiched between the metal electrode and the 
patient's skin. In the past, these electrodes have 
been held in position on a patient's skin by elastic 
bands, strips of adhesive tape, or a peripheral adhe- 

75 sive area around the edges of the capacitor struc- 
ture. However, these prior art methods of securing 
the electrode to the patient are unreliable. If a patient 
is moved or repositioned, air gaps or tenting causes 
portions of the dielectric material to pull away from a 

80 patient's skin, creating hot spots and possibly caus- 
ing burning or scarring of tissue. Accordingly, the 
need still exists in the art for a convenient, safe, and 
reliable indifferent electrode for use in electrosurgi- 
cal procedures. 

85 In accordance with the present invention, a capaci- 
tively coupled electrode is provided having a metal 
or other electrically conductive foil mounted on a 
foam or other suitably flexible material. In one 
embodiment, electrical contact is achieved by means 

90 of a metal rivet piercing the metal foil and passing 
through to the opposite side of the foam pad where 
it is mated with a metal socket which is then crimped 
to grip and hold the rivet. The metal socket can then 
be snap fitted to an electrical cable means which is in 

95 turn connected to the return side of an electrosurgi- 
cal current generator. In another embodiment, an 
electrical cable and plug may be preattached to the 
electrode. 

The metal foil is completely covered by a layer of 
100 dielectric material such as polyethylene terephtha- 
late, polyvinylidene chloride, polyethylene, or 
polysulfone. In a preferred embodiment, the dielec- 
tric material is coated on both sides by a pressure- 
sensitive adhesive. Alternatively, the adhesive may 
105 be applied in a separate step during fabrication. The 
adhesive serves to attach securely the dielectric 
material to the metal foil and, when a protective 
releasable cover sheet is removed, serves to attach 
securely the electrode to a patient's skin. In an alter- 
110 native embodiment, a metallized dielectric material 
may be utilized which eliminates the need for an 
adhesive between the dielectric material and the 
metal foil. 

In use, the protective releasable cover sheet is 

115 peeled away and the electrode assembly is placed 
on the patient adhesive side down. The adhesive 
prevents any gaps or voids from forming and 
assures continuous contact of the dielectric material 
over the entire surface area of the electrode provid- 

120 ing uniform electrical coupling to the skin. The shape 
of the electrode assembly is not critical, and it may 
be fabricated in a variety of different shapes adapted 
to be adhered to different portions of a patient's 
body. Typically, the assembly will have a rectangular 

125 configuration. 

Accordingly, it is an object of this invention to pro- 
vide an improved indifferent electrode for use in 
electrosurgical procedures which is safer to operate 
and more reliable then prior art electrodes. This and 

130 other objects and advantages of the invention will 
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become apparent from the following description, the 
accompanying drawings, and the appended claims. 

Fig. 1 is an exploded perspective view of one 
embodiment of the indifferent electrode of the pres- 
5 ent invention; 

Fig. 2 is a sectional side view of an assembled 
indifferent electrode; 

Fig. 3 is a graph of change in skin temperature 
versus surface area of the capacitiveiy coupled indif- 
1 0 ferent electrode, with data points for two commer- 
cially available direct coupled indifferent electrodes 
being shown for comparison purposes; 

Fig. 4 is a graph of change in skin temperature 
versus dielectric thickness for a 1 93.5 sq. cms (30 
1 5 square inch) surface area capacitiveiy coupled elec- 
trode- 
Fig. 5 is a graph of impedance versus surface area 
of the capacitiveiy coupled electrode, with data 
points for two commercially available direct coupled 
20 indifferent electrodes being shown for comparison 
purposes; 

Fig. 6 is a graph of alternate path current versus 
surface area of the capacitiveiy coupled electrode; 
Fig. 7 is a graph of impedance versus dielectric 

25 thickness for a 193.5 sq. cms surface area capaci- 
tiveiy coupled electrode; and 

Fig. 8 is a graph of alternate path current versus 
dielectric thickness for a 193.5 sq. cms surface area 
capacitiveiy coupled electrode. 

30 Referring to Figs. 1 and 2, a capacitiveiy coupled 
indifferent electrode 10 is shown. Although a rectan- 
gular configuration is illustrated, it has been found 
that the shape of the electrode is not important and 
can be a variety of shapes. The electrode includes a 

35 flexible, resilient backing material 1 2, a metal foil 
layer 14, a sheet of dielectric material 16, and a pro- 
tective cover sheet 18 having a release coating on 
the surface thereof. One surface of the backing mat- 
erial 12 is covered with a layer of a commercially 

40 available, medical grade acrylic pressure-sensitive 
adhesive 20. Metal foil layer 14 is then adhered to 
adhesive 20. The foil layer 14 and material 12 are 
then pierced by a metal rivet 22 having a shaft 24. 
Shaft 24 is of sufficient length to pass through both 

45 the metal . foil layer 14 and backing material 12 and is 
mated with a metal socket 26 to provide an electri- 
cally conductive path through the pad. Socket 26 is 
then crimped to lock the shaft in place. Socket 26 can 
then be easily snap fitted to a return line of an elec- 

50 trosurgical generator. Alternatively, any suitable 
means to provide an electrically conductive path 
from foil layer 14 to the return side of an electrosur- 
gical generator may be utilized. 
A button 28 of an electrically nonconductive mat- 

55 erial such as nylon or other insulating material is 
interposed between rivet 22 and dielectric layer 1 6 to 
insure that the rivet will never come in direct contact 
with a patient's skin. Dielectric layer 16 may be of 
any suitable electrically nonconductive material 

60 which can be easily formed into a thin film such as 
polyethylene, polyvinyl chloride, polyethylene 
terephthalate, or polysurfone. Preferred dielectric 
materials are polyethylene terephthalate, available 
under the trademark Mylar from E. I. duPontde 

65 Nemours 8t Co. and polyvinylidene chloride avail- 



able under the trademark Saran from Dow Chemical 
Co. These materials are flexible and strong and can 
be formed into films as little as .013 mm (0.0005 
inches) thick. The dielectric layer 16 is coated on 

70 both sides with a suitable pressure-sensitive adhe- 
sive and is placed over metal foil layer 14. A .051 mm 
(0.002 inch) thickness of adhesive on both sides of 
the dielectric layer has been found to be suitable. It is 
important that the dielectric layer at least cover to 

75 the edges of the metal foil so that there is no 

exposed metal on the electrode. Although the elec- 
trode illustrated in Figs. 1 and 2 has a backing mater- 
ial 12 with a surface area larger than metal foil layer 
14, it is within the scope of the invention to provide 

80 dielectric and metal foil layers which extend to the 
edges of the backing pad. In this manner, the entire 
surface area of the apparatus is used. 

Backing material 12 is preferably formed of a 
closed cell foamed plastic material such as 

85 polyurethane, polyvinyl chloride, orthe like. Such 
materials will resist absorption of fluids. Alterna- 
tively, the backing material may be a fabric material. 
Such a sheet is quite flexible and readily conforms to 
skin contours. Foil 14 may be fabricated of any suit- 

90 able electrically conductive material which can be 
made into a thin, flexible foil. Aluminum foil is pre- 
ferred although it is also within the scope of this 
invention to use metallized plastic films such as a 
metallized polyethylene terephthalate film. 

95 The invention may be better understood by refer- 
ence to the following nonlimiting examples. 
Example I 

Temperature measurements using a thermog- 
raphic technique accurate to within 0.5°C were car- 

1 00 ried out on human subjects to determine how vary- 
ing the surface area of the indifferent electrode 
affected skin temperature at the point where the 
electrode was attached to the skin. A current of 1 
amp was delivered to indifferent electrodes pre- 

105 pared in accordance with the teachings of the pres- 
ent invention attached to the abdominal area of a 
subject for a period of 1 minute. A .013 mm thick film 
of Mylar was used as the dielectric material. These 
values of current flow and duration represent a 

110 "worst possible case" limit for delivered energy for 
electrosurgical procedures and were arrived at by 
analyzing the maximum likely values for over 80 
surgical procedures. Thermograms were photo- 
graphed approximately 30 seconds afterthe current 

115 was turned off. This represented the lowest feasible 
time in view of the necessity to remove the elec- 
trodes from the subject before a thermogram could 
be taken. The results of these tests are illustrated in 
Fig. 3. As can be seen, the greatest increase in skin 

120 temperature was for the 96.8 sq.cms {15 square inch) 
electrode, with an exponential rise in heat occurring 
with decreasing electrode size below that point. At 
surface areas of 258 sq. cms (40 square inches) and 
above, temperature increases amounted to about 

1 25 0.5°C with no apparent decrease in temperature with 
increased surface area electrodes. Normal skin 
temperature is approximately 31 °C while a tempera- 
ture of approximately 45°C is required before tissue 
damage occurs. 

130 For comparison purposes, two commercially 
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available pre-gelled, direct coupled indifferent elec- 
trodes were also tested. Their surface areas were 
77.4 and 154.8 sq. cms (12 and 24 square inches), 
respectively. The temperature increases measured 

5 using those electrodes were placed on the data 
curve for the capacitively coupled electrode so that a 
comparison could be made. As shown in Fig. 3, an 
approximately 161 sq. cms (25 square inch) capaci- 
tively coupled electrode would be required to result 

10 in an equivalent temperature increase as compared 
with a 77.4 sq. cms direct coupled electrode, and an 
approximately 213 sq. cms (33 square inch) capaci- 
tively coupled electrode would be required to result 
in an equivalent temperature increase for a 154.8 sq. 

15 cms direct coupled electrode. Thus, by modestly 
increasing the surface area of the capactively cou- 
pled electrode, its improved operational and safety 
characteristics can be used while maintaining essen- 
tially the same low skin temperature increase exhi- 

20 bited by commercially available direct coupled elec- 
trodes. Moreover, as shown by this worst case 
example, capacitively coupled electrodes of 1 93.5 
sq. cms or larger cause a skin temperature increase 
far below the threshold for causing tissue damage. 

25 Example il 

Using a capacitively coupled electrode prepared in 
accordance with the practice of the present invention 
and having a skin contact surface area of 1 93.5 sq. 
cms skin temperature increases were measured as in 

30 Example I for different thicknesses of dielectric mat- 
erial. Again, a 1 amp current was supplied for 60 
seconds, and the dielectric material utilized was 
Mylar. As can be seen from Fig. 4, dielectric thick- 
ness is not critical in affecting increases in skin 

35 temperature. Dielectric material as little as .013 mm 
thick produced as good results as material 20 times 
as thick. Therefore, some limiting factors in dielectric 
material thickness are the ability to produce a thin 
film and that film's physical properties to withstand 

40 the stresses of a manufacturing process. Of course, 
the thinness of the dielectric film is also limited by 
the breakdown voltage at which arcing across the 
dielectric will occur. 
Example!!! 

45 The impedance (ratio of applied voltage to current) 
in a circuit using a capacitively coupled electrode 
was measured using electrodes with varying surface 
area. Ideally, the impedance in a circuit should be 
low to avoid alternate path hazards. That is, if the 

50 resistance to current flow is large, the current 

applied at the active electrode may seek an alternate 
path to leave a patient's body other than through the 
return electrode. Thus, for example, if a patient were 
hooked up to an EKG monitor with small EKG elec- 

55 trades, some of the current applied at the active elec- 
trosurgical electrode could seek to leave the 
patient's body at the site of an EKG electrode. 
Because of the small surface area of such electrodes, 
tissue damage at the site due to a heat buildup is a 

60 possibility. 

As shown in Fig. 5, the impedance in a circuit 
decreases as the surface area of the capacitively 
coupled electrode increases. Forthe tests a 1 amp 
current was applied at the active site, and the dielee- 

65 trie material used in the electrode was .01 3 mm thick 



Mylar. The impedance of commercially available 
pre-gelled direct coupled electrodes was also meas- 
ured and plotted on the impedance curve for com- 
parison purposes. As in Example 1, 1 2 and 24 square 

70 inch pre-gelled direct coupled electrodes were used. 
Fig. 6 illustrates the measured alternate path cur- 
rent for varying surface area sized capacitively cou- 
pled electrodes. A current normalized to 1 amp was 
applied at the active electrode site and a .013 mm 

75 thick dielectric was used. Currents of less than 1 amp 
were used in some tests where the amount of alter- 
nate path current posed a heating problem with the 
small size EKG electrodes. All results reported have 
been normalized to a 1 amp current. Small EKG elec- 

80 trades were positioned both near the active elec- 
trode site and near the capacitively coupled return 
electrode site. As can be seen, as the surface area of 
the capacitively coupled electrode increased, the 
alternate path current measured at the respective 

85 EKG electrodes decreased. This indicates that the 
larger the surface area of a capacitively coupled elec- 
trode, the less the alternate path hazard to a patient. 
Example IV 

Figs. 7 and 8 compare impedances and alternate 
90 path currents for a fixed 1 93.5 sq. cms size capaci- 
tively coupled electrode with varying dielectric mat- 
erial thicknesses. Again, Mylar was used as the 
dielectric material and a current normalized to 1 amp 
as in Example III was applied at the active electrode 
95 site. As can be seen, both impedance and alternate 
path current increase with increasing dielectric 
thickness. 

The adhesive coated capacitively coupled elec- 
trode of the present invention provides both safe 

100 and reliable operation. Because the adhesive covers 
the entire surface of the electrode, it provides much 
more secure contact with a patient's skin and resists 
tenting or the formation of air gaps which could 
cause hot spots. Additionally, there is no require- 

105 ment for a peripheral ring of adhesive around the 
edges of the electrode; the entire surface area can be 
utilized for an electrode surface. As shown by the 
examples, electrodes having surface areas of 193.5 
sq. cms or more can be operated at high currents for 

110 uptol minute and still not create any dangerous rise 
in a patient's skin temperature. Because of the expo- 
nential heat rise with decreasing electrode size, a 
96.8 sq. cms (15 square inch) electrode appears to 
represent the practical limits for safe usage. How- 

1 1 5 ever, even smaller size electrodes would have utility 
in controlled current applications. 
CLAIMS 

1 . A capacitively coupled indifferent electrode for 
use in electrosurgical procedures comprising: 

120 an electrically conductive electrode means 
mounted on a flexible sheet; 

means for electrically connecting said electrically 
conductive electrode means to an electrosurgical 
current generator; and 

125 dielectric means mounted on and completely over- 
lying said electrode means, and forming a skin- 
contacting surface which is capable of capacitive 
coupling under electrosurgical conditions, the entire 
skin contacting surface of said dielectric means hav- 

130 ing a pressure-sensitive adhesive thereon to secure 



the electrode to a patient's skin. 

2. The indifferent electrode of Claim 1 in which 
said flexible sheet has a peripheral portion extend- 
ing beyond the edges of said electrode means and 

5 said dielectric means, said peripheral portion having 
pressure-sensitive adhesive thereon to secure the 
electrode to a patient's skin. 

3. The indifferent electrode of Claim 1 or 2, in 
which said electrode means has a surface area of at 

10 least 96.8 sq. cms (15 square inches). 

4. The indifferent electrode of Claim 1, 2 or 3 in 
which said dielectric means is selected from the 
group consisting of polyethylene, polyethylene 
terephthalate, polyvinylidene chloride, and polysul- 

15 fone. 

5. The indifferent electrode of Claims 1, 2, 3 or4 
in which said dielectric means is from about .013 
mm (0.0005 inches) to about .254 mm (0.01 inches) 
thick. 

20 6. The indifferent electrode of any preceding 
claim in which said dielectric means is adhered to 
said electrode means. 

7. The indifferent electrode of any preceding 
claim in which said electrode means is selected from 

25 the group consisting of aluminum and metallized 
polyethylene terephthalate. 

8. The indifferent electrode of claim 1 of any of 
claims 3 to 7 as appendent to claim 1 in which said 
electrode means extends substantially completely to 

30 the edges of said resilient sheet. 

9. The indifferent electrode of any preceding 
claim in which said flexible sheet is fabricated of a 
polymeric foam material. 

1 0. The indifferent electrode of any of claims 1 to 
35 8 in which said flexible sheet is fabricated of a fabric 

material. 

1 1 . The indifferent electrode of any preceding 
claim in which sard electrical connecting means is a 
snap fastener. 

40 12. The indifferent electrode of claim 1 in which 
said dielectric means is a continuous layer of a pres- 
sure sensitive adhesive. 

13. A capacitively coupled indifferent electrode 
constructed substantially as hereinbefore described 

45 with reference to the accompanying drawings. 
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